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FOREWORD

The mission of the U.S. Geological Survey
(USGS) is to assess the quantity and quality of the
earth resources of the Nation and to provide informa-
tion that will assist resource managers and policymak-
ers at Federal, State, and local levels in making sound
decisions. Assessment of water-quality conditions and
trends is an important part of this overall mission.

One of the greatest challenges faced by water-
resources scientists is acquiring reliable information
that will guide the use and protection of the Nation’s
water resources. That challenge is being addressed by
Federal, State, interstate, and local water-resource
agencies and by many academic institutions. These
organizations are collecting water-quality data for a
host of purposes that include: compliance with permits
and water-supply standards; development of remedia-
tion plans for specific contamination problems; opera-
tional decisions on industrial, wastewater, or water-
supply facilities; and research on factors that affect
water quality. An additional need for water-quality
information is to provide a basis on which regional-
and national-level policy decisions can be based. Wise
decisions must be based on sound information. As a
society we need to know whether certain types of
water-quality problems are isolated or ubiquitous,
whether there are significant differences in conditions
among regions, whether the conditions are changing
over time, and why these conditions change from
place to place and over time. The information can be
used to help determine the efficacy of existing water-
quality policies and to help analysts determine the
need for and likely consequences of new policies.

To address these needs, the U.S. Congress appropri-
ated funds in 1986 for the USGS to begin a pilot pro-
gram in seven project areas to develop and refine the
National Water-Quality Assessment (NAWQA) Pro-
gram. In 1991, the USGS began full implementation of
the program. The NAWQA Program builds upon an
existing base of water-quality studies of the USGS, as
well as those of other Federal, State, and local agencies.
The objectives of the NAWQA Program are to:

* Describe current water-quality conditions for a

large part of the Nation’s freshwater streams.
rivers, and aquifers.

* Describe how water quality is changing over
time.

e Improve understanding of the primary natural
and human factors that affect water-quality
conditions.

This information will help support the development
and evaluation of management, regulatory, and moni-
toring decisions by other Federal, State, and local
agencies to protect, use, and enhance water resources.

The goals of the NAWQA Program are being
achieved through ongoing and proposed investigations
of 59 of the Nation’s most important river basins and
aquifer systems, which are referred to as study units.
These study units are distributed throughout the
Nation and cover a diversity of hydrogeologic settings.
More than two-thirds of the Nation’s freshwater use
occurs within the 59 study units and more than
two-thirds of the people served by public water-supply
systems live within their boundaries.

National synthesis of data analysis, based on
aggregation of comparable information obtained from
the study units, is a major component of the program.
This effort focuses on selected water-quality topics
using nationally consistent information. Comparative
studies will explain differences and similarities in
observed water-quality conditions among study areas
and will identify changes and trends and their causes.
The first topics addressed by the national synthesis are
pesticides, nutrients, volatile organic compounds, and
aquatic biology. Discussions on these and other water-
quality topics will be published in pertodic summaries
of the quality of the Nation’s ground and surface water
as the information becomes available.

This report is an element of the comprehensive
body of information developed as part of the NAWQA
Program. The program depends heavily on the advice,
cooperation, and information from many Federal,
State, interstate, Tribal, and local agencies and the
public. The assistance and suggestions of all are
greatly appreciated.

[lotert m. Hera

Robert M. Hirsch
Chief Hydrologist
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CONVERSION FACTORS

Muitiply By To obtain

inch (in.) 25.4 millimeter
foot (ft) 0.3048 meter

mile (mi) - 1.609 kilometer

square mile (mi2) 2.590 square kilometer
cubic foot per second (ft3/s) 0.02832 cubic meter per second
ton per year (ton/yr) 0.9072 megagram per second
ton per square mile per year [(ton/mi%)/yr] 0.3503 tonne per square kilometer per year

Degree Celsius (°C) may be converted to degree Fahrenheit (°F) by using the following equation:
°F=9/5(°C) + 32.

Degree Fahrenheit (°F) may be converted to degree Celsius (°C) by using the following equation:
°C =5/9 (°F-32).

Sea level: In this report “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a geodetic datum derived
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Nutrients and Suspended Solids in Surface Waters of
the Upper lllinois River Basin in lllinois, Indiana, and

Wisconsin, 1978-97

By Daniel J. Sullivan
Abstract

A retrospective analysis of selected data on
nutrients and suspended solids in surface waters of
the upper Illinois River Basin was done as part of
the U.S. Geological Survey (USGS) National
Water-Quality Assessment (NAWQA) Program.
Approximately 91 percent of the upper Illinois
River Basin is drained by three principal rivers: the
Kankakee (and its major tributary, the Iroquois),
the Des Plaines, and the Fox. The data analyzed
were collected by the Illinois Environmental Pro-
tection Agency (IEPA), which operates 39 moni-
toring sites in the study area as part of its Ambient
Water-Quality Monitoring Network, and included
analyses for total ammonia nitrogen, total nitrite-
plus-nitrate nitrogen, total ammonia-plus-organic
(total Kjeldahl) nitrogen, dissolved and total phos-
phorus, and total suspended solids and volatile sol-
ids. Nutrient and suspended-sediment data
collected by the USGS as part of the upper Illinois
River Basin NAWQA pilot study from 1987-90
were compared to IEPA data.

For the 1978-97 period, in general, nutrient
concentrations, with the exception of nitrate, were
highest at streams in the urban areas of the Des
Plaines River Basin. Streams in the Kankakee and
Fox River Basins generally had lower concentra-
tions, although the data indicate that concentrations
increased in a downstream direction in these
basins. These spatial patterns in nutrient concentra-
tions correspond closely with land use in the
respective basins. The elevated concentrations of
ammonia and phosphorus in the urbanized Des
Plaines River Basin, with respect to other sites in
the study area, indicate that municipal- and indus-
trial-waste discharges into streams of the basin
increase concentrations of these nutrients in the

receiving streams. In contrast, nitrate concentra-
tions were highest in agricultural areas. Relatively
large ratios of nitrogen to phosphorus and nitrate to
ammonia are characteristic of agricultural drain-
age. On the other hand, urban tributaries were char-
acterized by smaller ratios of nitrogen to
phosphorus and nitrate to ammonia. The apparent,
but nonuniform, correspondence of nutrient con-
centrations to urban and agricultural land use in the
upper Illinois River Basin was generally consistent
with findings in other river basins. A seasonal pat-
tern of nutrient concentrations characterized by
high concentrations in the winter months, depletion
during the spring and summer, and minimum levels
in the late summer or early fall was observed in
some of the data from the upper Illinois River
Basin. Monthly median concentrations of total
ammonia nitrogen and nitrite plus nitrate nitrogen
were at minimum levels from July through Octo-
ber, whereas phosphorus concentrations did not
display a strong seasonal trend.

The net result of nutrient inputs and transport
through the river system were elevated nutrient
concentrations at the most-downstream site in the
study area on the Illinois River. At this site, the
median concentrations of nitrate, total phosphorus,
and orthophosphate were among the highest in the
Mississippi River Basin, and the concentration of
ammonia was the highest.

Suspended-solids concentrations do not indi-
cate any particularly strong spatial patterns among
major river basins in the study area. Instead, higher
suspended-solids concentrations are observed at
sites draining areas of low-permeability, easily
eroded soils in agricultural and urban areas alike.
Seasonal variation of suspended solids were con-
sistent at sites across the study area. In general, sus-
pended-solids concentrations were highest in the
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summer and lowest in the winter. The increase dur-
ing the summer can be attributed to higher stream-
flow and the associated increase in runoff and
transport, as well as increased phytoplankton
growth.

Because of the high nutrient concentrations
in the upper Illinois River Basin, annual loads and
yields also were relatively large; however, yields of
phosphorus from the Fox and Kankakee River
Basins were not unusually high. The major contrib-
utor of total ammonia nitrogen, total Kjeldahl
nitrogen, and phosphorus loads to the total study-
area output was the Des Plaines River Basin, the
Chicago Sanitary and Ship Canal in particular. The
high concentrations in this waterway, coupled with
the relatively high volume of streamflow, contrib-
ute to the large load output. The high loads in the
Ship Canal reflect the input from the three large
Metropolitan Water Reclamation District of
Greater Chicago treatment plants. In contrast,
nitrate loads were higher from the agricultural
Kankakee River Basin. Total suspended-solids
loads were also greatest from agricultural areas, in
particular the Iroquois River Basin and tributaries
to the lower Fox River. These are areas of intensive
row-crop agriculture and fine, easily erodable soils.

The total nitrogen export from the upper Illi-
nois River Basin for 1978-97 was 91,800 ton/yr
(tons per year). This figure corresponds well with
estimates of loads from urban, agricultural, and
other sources, and is about 30 percent of the esti-
mated total nitrogen input to the basin of about
300,000 ton/yr. The total phosphorus export from
the study area during 1978-97 was about
5,400 ton/yr, or about 6 percent of estimated phos-
phorus inputs of 94,000 ton/yr. Loads and yields of
nutrients from the upper Illinois River Basin are
among the very highest in the entire Mississippi
River drainage system.

Significant downward trends in total-ammo-
nia concentrations were observed at many sites
during the period of analysis, along with correla-
tive upward trends in nitrate. This opposite relation
is consistent with the reversible capacity for trans-
formation between the reduced form (ammonia)
and the oxidized form (nitrate), and may be related

to nitrification of wastewater effluents. Significant
downward trends in total ammonia plus organic
nitrogen were related to downward trends in
ammonia concentrations. Few trends in phospho-
rus concentrations were observed, but upward
trends were observed at 2 sites downstream of
major wastewater-treatment plants.

INTRODUCTION

In 1986, Congress appropriated funds for the U.S.
Geological Survey (USGS) to develop the pilot phase of
the National Water-Quality Assessment (NAWQA)
Program. In 1991, the NAWQA Program went into full
implementation. The long-term goals of this program
are to (1) provide a nationally consistent description of
current water-quality conditions for a large part of the
Nation’s water resources, (2) define long-term trends
(or lack of trends) in water quality, and (3) identify,
describe, and explain, as possible, the major factors that
affect the observed water-quality conditions and trends
(Hirsch and others, 1988). The upper Illinois River
Basin was one of five pilot studies started in 1987;
current investigations began in 1997 with the third
round of NAWQA studies.

A fundamental component of the NAWQA Pro-
gram is based on data collection and analysis within
more than 50 study areas across the United States. The
geographical extent of most of these study areas is
based on surface-water drainage boundaries (fig. 1).
These study areas cover about one-half of the contermi-
nous United States, provide a water supply to about
65 percent of the population that uses public water sup-
plies, and represent a variety of environmental settings
and water-quality issues.

Purpose and Scope

The purposes of this report are to (1) update infor-
mation assembled and analyzed during the pilot phase
of the upper Illinois River Basin NAWQA study, (2)
provide information to assist in the design of the data-
collection components of the upper Illinois River Basin
NAWQA study, (3) describe the spatial and temporal
distribution of nutrients and suspended solids in the
study area, (4) describe the natural factors and human
activities affecting the spatial patterns in concentrations
and loads within the study area, (5) describe long-term
trends (or lack of trends) in water quality and provide

2 Nutrients and Suspended Solids in Surface Waters of the Upper Illinois River Basin in lllinois, Indiana, and Wisconsin, 1978-97





















of 10.1 million people: 5.1 million residents, a commer-
cial and industrial equivalent of 4.5 million people, and
a combined-sewer-overflow equivalent of 0.5 million
people. The MWRDGC has 547 mi of intercepting
sewers that range in size from 12 in. to 27 ft in diameter
and are fed by approximately 10,000 local sewer system
connections. The return flow from its treatment opera-
tions averages about 2,200 ft3/s (Metropolitan Water
Reclamation District of Greater Chicago, 1995).

The two major sources of return flow in the study
area are Lake Michigan water and ground water. Of the
total flow leaving the study area, about 28 percent is
contributed by the Chicago Sanitary and Ship Canal.
The three largest wastewater-treatment plants in the
study area discharge to the canal (or upstream from it)
and contribute 73 percent of all effluent flow in the
study area. Overall, wastewater-treatment plants in Illi-
nois contribute about 97 percent of the effluent dis-
charged to streams in the study area; wastewater-
treatment plants in Indiana and Wisconsin contribute 1
and 2 percent, respectively (Zogorski and others, 1990).

Since 1985, runoff in the Chicago area has been
diverted into a series of underground tunnels called the
Tunnel and Reservoir Plan (TARP) (fig. 4), where the
runoff is captured during intense precipitation and is
stored until it can be treated and discharged as effluent.
The TARP was designed to eliminate discharge of raw
sewage during storms and thus decrease the resultant
concentrations of pollutants discharged to streams
(Metropolitan Water Reclamation District of Greater
Chicago, 1999).

The average annual surface-water discharge from
the upper Illinois River Basin is estimated to be
12,600 ft*/s, on the basis of records from gaging sta-
tions near the terminus of the basin. These stations, the
Fox River at Dayton, Ill. (site 39) and Illinois River at
Marseilles, I1. (site 29) are 2 of 81 active streamflow
gaging stations in the study area as of 1997. The highest
monthly streamflows in the study area typically are dur-
ing June or July, and the lowest monthly streamflow is
during November or December.

Trends in Streamflow

Long-term trends in streamflow were analyzed for
seven stations that represent flow from major rivers in
the study area. All of these stations had streamflow
records dating back to at least 1950. Results of regres-

sion analyses indicate an upward trend in annual mean
flows during 1950-97 at all seven stations (fig. 5).

The annual 7-day low flow also increased at five of
the seven stations analyzed, whereas annual maximum
flow increased at three of the seven stations. The most
dramatic increases in all flow regimes were at stations
draining urbanized land, although increases were noted
at agricultural stations as well.

The most probable reasons for the increases in low
flow are increased discharges of return flows to the
streams as a result of urban growth and an upward trend
in precipitation during the period. As a result, urban
streams show a larger increase in flows than do agricul-
tural streams. As population increases, more water is
pumped from ground-water sources and discharged as
effluent to the streams. Thus, for many of the rivers in
areas that have undergone urban growth, some very low
streamflows observed in the past may not occur again
because point-source discharges now maintain a higher
base rate of streamflow. This effect is further illustrated
in flow-duration curves in Schmidt and Blanchard
(1997), which show flows at the Des Plaines River at
Riverside of below 20 ft*/s for 1948-91, but no flows
less than 100 ft3/s for 1978-91.

A particularly large increase in annual mean flow
was observed at the Des Plaines River site at Riverside,
I1l., where data indicate an average increase in annual
mean flow of almost 10 ft3/s per year during 1950-97
(fig. 5); however, further analysis of mean annual
streamflow data indicates a step increase around 1980.
The two major treatment plants upstream from this site
began operations in 1975 and 1980 and contributed an
average of about 32 and 53 ft3/s to the streamflow at this
site during 1978-88 (Terrio, 1994). During 1975-97,
mean annual streamflow was 682 ft/s, compared to
565 ft3/s for the period 1950-97. Therefore, although
there was increase above and beyond the additional dis-
charge from the treatment plants, much of the stream-
flow increase was due to effluent flow. Prior to 1975,
wastewater that is now routed to these two treatment
plants was routed to treatment plants that discharged
downstream from the Riverside site.

DESCRIPTION OF DATA USED IN REPORT

The streamwater constituents examined for this
report include the following nutrients: ammonia, nitrite
plus nitrate nitrogen ammonia plus organic (total
Kjeldahl) nitrogen, dissolved and total phosphorus.

DESCRIPTION OF DATA USED IN REPORT 9
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Figure 5. Annual mean streamflow at selected sites in the upper lllinois River Basin.
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Also examined were total suspended solids and volatile
solids.

In surface waters, the primary component of nitrite
plus nitrate nitrogen is nitrate; thus, in this report, this
constituent will be referred to as “nitrate”. Ammonia
plus organic nitrogen is also known as Kjeldahl nitrogen
and will be referred to as such. Because most of the data
used in this report were for suspended solids, that is the
term that will be used for describing sediment (as
opposed to “suspended sediment,” which is the report-
ing term for a different analytical method). Total sus-
pended solids refers to both volatile and nonvolatile
matter suspended in the water column. Volatile sus-
pended solids are organic in nature (algae, plant detri-
tus) while nonvolatile solids are generally inorganic or
organics resistant to volatilization.

Data for three constituents that describe sediment
concentrations were available for statistical analysis.
Concentration data for total suspended solids and vola-
tile suspended solids were available for the 39 IEPA
sites. Data for suspended-sediment and suspended-sol-
ids concentration were available from eight sites that
were sampled during the upper Illinois River Basin
NAWQA pilot study. These data are useful in compar-
ing the results from the two analytical methods.

Sources of Data

The data used in this report came from two sources:
the IEPA AWQMN and data collected during 1988-90
as part of the upper Illinois River Basin NAWQA pilot
study. These data sets consist of data that are (1) col-
lected by use of composited depth-integrating, multi-
vertical sampling methods, (2) analyzed at two
laboratories that cooperated in quality-assurance test-
ing, such as analyzing duplicate, blank, and standard-
reference samples, and (3) contained in a digital data
base. Although the sampling sites are restricted to the
Ilinois part of the basin, these data provide a long-term
temporal description and a detailed spatial description
of water quality of the streams in the study area.

The IEPA currently operates 39 AWQMN sites in
the study area (Illinois Environmental Protection
Agency, 1996¢) (table 1, fig. 3). These sites are cur-
rently (1999) sampled every 6 weeks on a fixed sched-
ule. Of these 39 sites, 25 are collocated with USGS
streamflow sites. The upper Illinois River Basin
NAWOQA pilot study included eight surface-water sites
that were sampled monthly during 1987-90, with addi-

tional samples collected during high streamflows. Infor-
mation on land use and location of wastewater-
treatment plants relative to the IEPA sites is listed in
table 2.

The period of data collection at IEPA sites varied.
The year 1978 was selected as a common starting date
for the analyses in this report because 1978 was the first
year that IEPA and USGS worked cooperatively on the
AWQMN, and the IEPA has used USGS data-collection
methods since then. Therefore, no differences were
expected between IEPA and USGS data because of dif-
ferences in collection techniques.

Long-term water-quality monitoring data not used
in this report include those collected by the MWRDGC.
These data were excluded from the analyses because
they are collected immediately upstream and down-
stream from MWRDGC wastewater-treatment plants
(WWTP’s), and the purpose of this report is to charac-
terize the water quality of the streams of the study area,
not to assess the effects of WWTP’s on receiving
streams.

Quality Assurance of Data

The IEPA has maintained a comprehensive sur-
face-water monitoring network since 1970. The IEPA,
in conjunction with the U.S. Environmental Protection
Agency, has a comprehensive water-quality-monitoring
strategy that outlines monitoring programs, quality-
assurance activities, laboratory-support needs, and
data-management procedures (Illinois Environmental
Protection Agency, 1996, 1994). In addition, USGS and
IEPA water-quality data were compared in a previous
USGS study (Melching and Coupe, 1995); although
some statistical differences were found between the
data from the two laboratories, the differences were not
unusually large with respect to available data on inter-
laboratory precision. In their study, Melching and
Coupe (1995) recommend that data not be mixed for
statistical analyses. Thus, only IEPA data are used in
this report.

Comparisons of total-suspended-solids data col-
lected by the IEPA with suspended-sediment data col-
lected by USGS were made using data collected as
sample splits at eight sites during the upper Illinois
River Basin NAWQA pilot study. The reason for the
comparison is that although the laboratory methods are
similar for the two analyses, the methods are not identi-
cal. The methods are similar in that both use a filtra-
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Table 2. Land use and number of wastewater-treatment plants upstream from Hlinois Environmental Protection Agency
water-quality monitoring sites in the upper lllinois River Basin
[Map reference numbers from figure 1; WWTP, wastewater-treatment plant]

1

Map USGS Number of Percentage of basin in indicated land use
reference station WWTP’s
number number upstream Urban Agriculture Forest Water Wetland Barren
1 05520500 27 3.82 86.8 6.63 0.73 1.68 0.27
2 05525000 5 1.34 94.3 3.86 11 0.20 .20
3 05525500 2 0.64 99.0 0.30 .02 0 01
4 05526000 12 1.24 95.4 3.02 13 11 13
5 05527500 44 3.12 90.8 4.63 44 79 .22
6 05527800 0 7.84 84.1 4.36 .84 1.86 1.04
7 05528000 4 12.2 78.7 4.58 1.69 2.06 73
8 05529000 9 28.2 62.6 5.09 1.66 1.35 1.13
9 05530590 12 404 51.1 4.87 1.44 1.10 1.03
10 05531500 12 86.0 7.41 4.66 91 0 98
11 05532000 1 985 0.75 0 31 0 41
12 05532500 25 553 37.2 458 1.18 .76 91
13 05534050 32 58.4 332 498 1.14 1.06 1.21
14 05534500 0 37.8 59.9 2.36 <0.01 0 0
15 05536000 1 75.0 22.0 1.98 72 0 24
16 05536195 2 49.6 39.8 7.96 .63 .70 1.36
17 05536275 1 532 369 5.78 .69 1.83 1.62
18 05536700 12 68.1 21.2 7.72 69 .96 1.28
19 05537000 19 785 144 5.11 54 .54 .87
20 05537980 56 66.7 25.1 537 90 .83 1.12
21 05539000 8 318 58.9 6.49 29 1.24 1.22
22 05539900 6 76.1 19.3 1.54 .88 0 2.18
23 05540095 8 67.0 26.3 3.35 .61 .01 277
24 05540210 2 90.4 5.60 3.16 .38 0 43
25 05540290 14 72.7 21.7 2.78 .66 .03 2.08
26 05540500 16 55.9 38.8 1.98 .88 .02 2.44
27 05541710 0 92 98.1 .80 .01 0 13
28 05542000 3 191 94.6 44 21 0 2.82
29 05543500 144 17.5 75.6 4.65 .67 72 76
30 05546700 9 14.6 63.9 11.7 3.51 4.07 2.20
31 05548280 4 8.70 79.1 6.52 2.17 2.65 .87
32 05549600 20 154 63.4 10.8 421 3.98 2.13
33 05550000 25 17.6 61.5 10.9 4.10 3.83 2.11
34 05550500 0 435 48.6 2.57 1.48 .52 3.25
35 05551000 36 19.7 60.5 10.1 3.84 3.50 2.28
36 05551540 40 21.1 60.3 9.54 3.53 3.16 2.39
37 05551700 0 10.8 83.5 2.69 .29 .59 2.07
38 05551995 2 4.49 91.6 3.60 .03 0 .25
39 05552500 51 15.6 71.0 7.18 2.37 2.09 1.77

!Based on Anderson and others (1976) classification system; percentages estimated from digital land use/land cover data compiled from high-
altitude photography (1978-81) onto 1:250,000-scale topographic map base and interpreted according to methods in Fegeas and others (1983). Urban
land use was updated with reference to 1990 population data obtained from the U.S. Bureau of the Census according to methods in Hitt (1994).
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tion/evaporation method; however, suspended-sedi-
ment concentration is determined by filtering the entire
volume of water sample in a pint or quart bottle (Guy,
1969; Knott and others, 1993), whereas suspended-sol-
ids concentration is determined by filtering a 250-mL
aliquot from a sample (Illinois Environmental Protec-
tion Agency, 1987). Scatterplots of the data indicated
strong correlations between results from the two meth-
ods (fig. 6). Regression analyses of data from the eight
sites indicated that differences between the two meth-
ods were statistically different except at the Chicago
Sanitary and Ship Canal (p<0.05). The data show strong
correlation at all the sites, however, with r-values rang-
ing from 0.22 to 0.98 and average percent differences of
less than 10 percent at five sites. The largest differences
between results were at two sites in the agricultural
Kankakee River Basin, where the USGS suspended-
sediment method resulted in consistently higher con-
centrations. This result may be due to an undersampling
of the heavier sands in the sediment load of these
streams by the IEPA method. Overall, suspended-solids
concentrations determined by the IEPA are related to
suspended-sediment concentrations and thus can be
used to represent suspended-sediment concentrations,
keeping in mind the fact that suspended-solids concen-
trations may be lower than suspended-sediment concen-
trations at some sites.

METHODS OF DATA ANALYSIS

Loads were estimated by use of the ESTIMATOR
computer program (Cohn and others, 1989), which cal-
ibrates a constituent-transport model on the basis of
multiple-regression analyses for all but one site. ESTI-
MATOR implements the Minimum Variance Unbiased
Estimator (MVUE); Cohn and others, 1989, and the
Adjusted Maximum Likelihood Estimator (AMLE);
Cohn, 1988, and Cohn and others, 1992. The AMLE
allows ESTIMATOR to use data sets containing values
reported as less than the analytical reporting limit. Each
calibration procedure incorporated all of the available
data for each site from water years 1978-97. These esti-
mates were used to determine the average annual loads
of nutrients and suspended solids at each site from
1978-97.

The constituent-transport models were based on
the relations between constituent load and two vari-
ables: stream discharge (Q, in cubic feet per second) and
time of year (T, in radians) (Cohn and others, 1989).
The general form of the model was

Log (Daily Load) =a + b (log @) — ¢) +d (log (Q) - 0)2
+e (sin (7)) + f(cos (1)) (1)

Equation 1 was calibrated by use of multiple regression
analyses between daily loads (estimated by multiplying
daily average discharges by instantaneous concentra-
tions) and daily average discharges, Q, and the time of
year, T. The calibration coefficients (a, b, c, d, e, and f)
are specific to the river and the constituent being mod-
eled. All load estimates and export rates for nutrients
and suspended sediments were estimated for the same
period.

Loads were estimated for the Chicago Sanitary and
Ship Canal (site 19) by multiplying nutrient concentra-
tions in individual samples by discharge at time of sam-
pling. This method was necessary because flow data
were insufficient to use ESTIMATOR. However,
because discharge is less variable at this site than a nat-
ural river system, this technique was considered ade-
quate.

Trends were quantified by use of the program ESti-
mate TREND (ESTREND) (Schertz and others, 1991).
The statistical procedures used in ESTREND overcome
common statistical problems encountered in the use of
conventional statistical-trend techniques. These prob-
lems include data that are not normally distributed and
seasonally varying, water-quality records with missing
values, values less than reporting limits (censored val-
ues), and outliers. All of these problems can adversely
affect the performance of conventional statistical tech-
niques. In addition, concentrations of suspended sedi-
ment and various nutrients are commonly strongly
related to streamflow. This relation to streamflow may
mask trends if it is not removed from the data.

The ESTREND program uses instantaneous dis-
charge to flow-adjust concentrations. The program does
this by one of several options; in this study, the program
automatically chose the best flow-adjustment model.
Flow adjustments determined were seasonally fit, and
one of two methods were used to compute trends
depending on the level of censoring in the data. For
uncensored data or data with a single reporting limit, the
Seasonal Kendall trend test (a nonparametric test) was
used to detect statistically significant monotonic trends
(Crawford and others, 1983). The seasonal Kendall
trend test is generally restricted to pairs of data that are
12 months (seasons) apart, thereby eliminating compar-

_isons of data from different seasons (Smith and others,

1982). Other seasonal designations, such as four sea-
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sons per year, also can be used. For this report, all data
except those for total ammonia were analyzed for trends
using the seasonal Kendall test.

For total ammonia data (which were censored at
multiple levels), a censored regression technique, Tobit
(Cohen, 1976; Cohn, 1988), was used to test for mono-
tonic trends. Tobit uses a maximum likelihood estima-
tion procedure (Cohn, 1988) to estimate the parameters
of a regression model relating concentration and time.

NUTRIENTS AND SUSPENDED SOLIDS
IN THE UPPER ILLINOIS RIVER BASIN,
1978-97

In this section, nutrient and suspended-solids data
collected at sites in the upper Illinois River Basin during
1978-97 are used to describe the sources of nutrients
and suspended solids in the upper Illinois River Basin
and to determine the environmental factors influencing
the spatial variability of these constituents. Data are also
examined for temporal trends.

Sources of Nutrients and Suspended Solids in
the Upper lllinois River Basin

The probable sources of nutrients to streams in the
study area were described by Terrio (1995). This infor-
mation is summarized, and in some cases updated, in
table 3. Data compiled from the early 1980’s indicated
that about 54 percent of the total nutrient load in upper
Illinois River Basin streams was attributed to nonpoint
sources and about 46 percent from point sources (Gian-
essi, 1986).

Most domestic and industrial wastewaters have
much higher concentrations of ammonia, nitrate, and
phosphorus than streamwater does; thus, the approxi-
mately 196 wastewater-treatment plants in the study
area (U.S. Environmental Protection Agency, 1997) are
a major influence on study-area streams. Zogorski and
others (1990) estimated that about 2,810 ft3/s of effluent
is discharged into streams in the upper Illinois River
Basin by these facilities. Of this amount, about 75 per-
cent (2,100 ft3/s) comes from the three largest treatment
plants—Northside, Stickney, and Calumet—which dis-
charge to the North Shore Channel, the Chicago Sani-
tary and Ship Canal, and the Little Calumet River,
respectively (fig. 4).

Urban nonpoint sources can cause elevated nutrient
concentrations in urban-area streams. About 17 percent

of the study area was urbanized as of 1990 (Arnold and
others, 1999). According to estimates by Terrio (1995),
total urban runoff contributes about 17 percent as much
phosphorus to streams in the study area as agriculture,
and only about 1.5 percent as much total nitrogen
(table 3).

Atmospheric contributions are another source of
nutrients to streams. Nutrient concentration data from
National Atmospheric Deposition Program (NADP)
sites in or near the study area were examined (table 3).
The average volume-weighted concentrations of nitrate
and ammonium in precipitation from 1980 to 1997 were
1.62 mg/L and 0.43 mg/L, respectively. If 36 in. is
assumed to be the average annual precipitation for the
study area, then precipitation would contribute about
46,000 tons of nitrate and 12,300 tons of ammonium to
the study area each year; however, the proportion of this
load transported to study-area streams is unknown. Pre-
cipitation represents a significant contribution of nutri-
ents to the upper Illinois River Basin (table 3).

Ground water can contribute nutrients to streams
either through water-supply-system withdrawals and
returns or through direct input. Ground-water with-
drawals have fluctuated in the study area. In 1995, an
estimated 498 ft3/s was withdrawn for public-supply
purposes (Arnold and others, 1999). The nutrient contri-
bution to study-area streams is included in the estimate
for wastewater-treatment facilities (table 3). Direct
input of ground-water flows to study-area streams is a
minor contributor of nutrients (table 3).

Lake Michigan waters that are diverted directly to
study-area streams are also a small contributor to nutri-
ent loads (table 3). On the basis of water-quality data
collected near Lake Michigan diversion locations, the
1,810 ft*/s that is diverted from the lake directly to the
study area through canals contributes 1,100 ton/yr total
nitrogen and 180 ton/yr total phosphorus.

Plant material is another source of nutrients to
streams. As plants decompose or are consumed by
aquatic fauna and microbial organisms, nutrients are
released. Some plant materials that may be important
nutrient contributors are leaf litter, aquatic flora, and
agricultural crop residue. Nitrogen fixation by certain
bacteria and blue-green algae also can contribute to the
nitrogen in streams. The contributions of nutrients to
study-area streams from plant-material decomposition
and nitrogen fixation are unknown, and amounts are
likely to vary from year to year.

Most suspended solids in Illinois streams are from
soil erosion and consist of silts, clays, and sand (Illinois

NUTRIENTS AND SUSPENDED SOLIDS IN THE UPPER ILLINOIS RIVER BASIN, 1978-97 17



"URSIYOTAL 9YE] WOL UMBIPUNM JO PILIDAID 131EM ST [[] ‘SI[ISIEJ 1B JOALY SIOUI[[[ 3Y) J& mOYjuIEans [ejo) 3y Jo Juaoad ¢¢ A[rewnxoxddy

‘umouyun st sureans 0y funnquyuod uoniod ‘eare pue| uiseq o3 peoj [e10) 1oy are uonendoaid 10y speo s

(9861 ‘15sauELD) Teak 13d SUOL QgL TE PABUINSI Sem AR APIUS 37 10J JJOUnI [EIMNOUBY,

(9861 ‘IsSoUBID) 1234 1ad SUO OOSGS TE PABLINSD SEM BIXE APMS JY3 10) Jjoun [eimmousy

“JeaA Jwes oYy spray o3 parjdde axom 13K 1By} PIOS SIAZIINIDJ UT SJUSLINU [[B JBY) SIWNSSE 198G ] WOy EIE(,

"S[eMBIPYIM 12)eM-PUN0IF pue ueSIydIy aye] Wwoiy mdur sapnjouy,

uonisodwodap jueyq

000°000°F€ - -- - - - - - - uoIS013 [10S
- - - 081 001°1 - - 081 001 UOISIOAID UBSIUITIN 3e]
- 01 0% 0z - - - -- -- SWrealI)s ojul MofJ I3jem-punoin)
= - - - - 000°'9% 00€°C1 - - guonendioalg
- - - 0ST'1 §s8 - - - - Jjount ueqin
- - - -- - -- - ,000°L8 ¢000°G1Z  ;spue[ [exminouige o) pardde 10z1io4
- - - 01+'S 00092 - - 01H's 00092 uaN (2 Jue|d-1USUWIBaII-IoNE MIISEA

(1A/u0y) sweas o} ;ndu) pajewiisy

(1A/u0y) uiseq o} induj pajewns3y

aoinog

[s1qeotjdde Jou JO ‘UMOUNUN ‘PIUTULIAIIPUN ‘-- 123K Jod SUO] “IA/U0) PIIOU ISIMIBYIO SSAUN GHET ‘OLUIL, WOL]

uiseg Jaaly siouljj] 1eddn ey} Ul swess}s 0} JUSWIPAS PUB SIUBUINU JO Sindul Pajewiise pue $edInos "¢ a|qel

18 Nutrients and Suspended Solids in Surface Waters of the Upper lllinois River Basin in lllinois, Indiana, and Wisconsin, 1978-97



Environmental Protection Agency, 1996b). Other
sources may include industrial and mine wastes, con-
struction projects, and detrital remains of aquatic and
terrestrial plants and animals. Concentrations of total
suspended solids are generally affected by runoff and
not necessarily stream discharge. During periods of low
flow, a locally heavy rainfall can significantly increase
the total suspended solids in a stream while only slightly
increasing streamflow.

Nitrogen Concentrations

Nitrogen is present in water in anionic form as
nitrite and nitrate (NO,- and NOj3-), in cationic form as
ammonium (NH,4+). and at intermediate oxidation
states as a part of organic solutes (Hem, 1985). Nitrate
(NO3-) is generally far more abundant than nitrite
(NO,-) because nitrite is an intermediate oxidation state
and readily oxidizes to nitrate in natural waters. Ammo-
nium is strongly sorbed to particulate material, whereas
nitrate generally remains dissolved and stable over a
wide range of conditions. In most rivers, the nitrogen
concentration is sufficient for plant growth.

Nitrogen is introduced into aquatic environments
from agricultural fertilizers and manures, organic
wastes in sewage and industrial effluent, atmospheric
deposition, decomposition of organic material, biotic
fixation, and ambient soils and rocks. Nitrogen gener-
ally is introduced as nitrate, ammonia, organic nitrogen,
or molecular nitrogen, which can be rapidly trans-
formed from one form to another by way of short-lived
intermediate forms. The various forms of nitrogen are
actively cycled in aquatic environments in what is com-
monly referred to as “'the nitrogen cycle” (Stumm and
Morgan, 1981; Wetzel, 1983). Molecular nitrogen is
converted into ammonia by nitrogen fixation, which can
then be assimilated into various forms of organic nitro-
gen or be nitrified into dissolved nitrate. Nitrogen fixa-
tion in aquatic environments is brought about only by
cyanobacteria (blue-green algae) and other specific bac-
teria. Ammonia is also produced by the decomposition
of organic nitrogen, in compounds such as amino acids
and proteins. During nitrification, ammonia is oxidized
into nitrate with nitrite as an intermediate transient.
Nitrification occurs fairly rapidly in aerobic environ-
ments. Nitrates may be converted to molecular nitrogen
in anaerobic environments through denitrification
(again with nitrite as an intermediate form) or may be

reduced to ammonia in an assimilatory pathway leading
to the synthesis of amino acids.

The principal toxic form of ammonia has been
demonstrated to be un-ionized ammonia (NHj3). Un-
ionized ammonia was reported to be acutely toxic to 29
fish species at concentrations of 0.083 to 4.60 mg/L
(U.S. Environmental Protection Agency, 1986). The
proportion of ammonia in the un-ionized form depends
on the concentration of ammonia, water temperature,
and pH, and it is usually a minor component of ammo-
nia at pH's that are common in streams.

Several forms of dissolved nitrogen are essential
for algal and macrophyte growth but can be toxic to
aquatic and terrestrial life. High concentrations of
nitrite and nitrate can be harmful if consumed by warm-
blooded animals. Nitrite reacts with hemoglobin to
cause impairment of oxygen transport. Nitrate can be
converted to nitrite within the gastrointestinal tract and
therefore is potentially harmful. The maximum contam-
inant level (MCL) for nitrate in drinking water is
10 mg/L; concentrations above 10 mg/L can cause
methemoglobinemia in small children. The MCL for
nitrite in drinking water is 1 mg/L. (U.S. Environmental
Protection Agency, 1986).

Total Ammonia

Median ammonia concentrations for 1978-97
ranged from below the minimum reporting level (either
0.01 mg/L or 0.1 mg/L, depending on the site) at sites in
all subbasins to a maximum of about 4 mg/L at the Cal-
umet-Sag Channel near Lemont, I11. (site 18) (fig. 7).
The sites with the next-highest median ammonia con-
centrations were downstream from this site: the Chi-
cago Sanitary and Ship Canal (site 19) and the Des
Plaines River at Joliet, I1l. (site 20). Median ammonia
concentrations at sites in the Fox and Kankakee River
Basins were an order of magnitude or more lower, as
were sites in the upper Des Plaines River Basin up-
stream from the most heavily urbanized areas of Chi-
cago. Because ammonia-concentration data were cen-
sored at concentrations above the median at many sites,
the sites with the lowest median concentrations could
not be determined. Concentrations of ammonia nitrogen
at the Illinois River at Marseilles (site 29) were signifi-
cantly higher than those at 42 sites studied as part of a
comprehensive study of the entire Mississippi River
Basin (Goolsby and others, 1999).
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Total Ammonia-Plus-Organic (Kjeldahl) Nitrogen

Median Kjeldahl nitrogen concentrations mirrored
those of ammonia, and were highest at the same three
sites (fig. 8). The lowest median Kjeldahl nitrogen con-
centrations were found at a Fox River tributary (site 38,
Somonauk Creek) and the Kankakee River at
Momence, IlI. (site 1).

Total Nitrite Plus Nitrate

The highest median nitrate concentration was at an
Illinois River tributary, Aux Sable Creek (site 27),
where the median nearly equaled the 10 mg/L drinking-
water limit for nitrate (fig. 9). The median at a nearby
stream, the Mazon River (site 28), was only slightly
lower. Other streams with median nitrate concentrations
between 5 and 10 mg/L were three Iroquois River sites
(sites 2,3,4), two sites in the Des Plaines River Basin
(sites 7 and 10) and all the sites in the Du Page River
Basin (sites 22-26). Median nitrate concentrations were
lowest (about 0.7 mg/L) at a Fox River main-stem site
(site 33) and the upstream site on the North Branch Chi-
cago River (site 14) (fig. 9). A Fox River tributary, Pop-
lar Creek (site 34) was the only other site where median
nitrate concentration was less than 1 mg/L (about
0.9 mg/L). Median nitrate concentrations were gener-
ally lowest at sites in the Fox River Basin.

Concentrations of nitrate were higher in tributaries
of the Fox River than in the main stem. These tributary
streams drain agricultural lands with clayey soils, in
contrast to the coarser soils and suburbanizing land in
the northern (upstream) parts of the Fox River Basin.
Concentrations of nitrate were considerably higher at
the Fox River at Dayton (site 39), the most downstream
site on the Fox River, than at sites upstream on the main
stem, a reflection of the input of the tributary streams in
the southwestern part of the Fox River Basin.

Concentrations of nitrate at the Illinois River at
Marseilles (site 29) were among the highest of those at
42 sites studied as part of a comprehensive study of the
entire Mississippi River Basin (Goolsby and others,
1999). Most of the other basins with similar high con-
centrations of nitrate were in Illinois and Iowa. A corre-
lation was found in that study between nitrate concen-
trations and the percentage of basin in row crops.

Phosphorus Concentrations

Phosphorus concentrations in rivers are generally
much lower than those of nitrogen; consequently, phos-
phorus concentrations more often limit aquatic plant
growth. Plants usually require less phosphorus than
nitrogen, however, so plants may be nitrogen limited
even though phosphorus concentrations are lower than
those of nitrogen.

Phosphates, the most common forms of phospho-
rus found in natural waters, are not mobile in soil water
because they tend to attach to soil and aquifer particles.
Phosphates can have a significant effect on streams and
lakes, however, because eroded soil can transport con-
siderable amounts of attached phosphates by way of
runoff. Orthophosphate, which typically constitutes the
majority of dissolved phosphates, can be readily assim-
ilated by aquatic plants and can promote eutrophication.

Sources of phosphorus to surface waters are similar
to those of nitrogen and include synthetic fertilizers, soil
and rock minerals, and wastewater. Domestic wastewa-
ter contains a higher proportion of orthophosphate than
does runoff from agricultural and urban areas.

Total Phosphorus

Median total phosphorus concentrations were high-
est (about 2 mg/L) at Thorn Creek (site 17) (fig. 10), a
stream that flows to the Calumet-Sag Channel, and at
Salt Creek (site 10, about 1.6 mg/L). The median con-
centrations of most sites in the Des Plaines River Basin
were significantly higher than those for sites in the other
subbasins of the study area. The lowest observed total
phosphorus concentrations were at Poplar Creek (site
34), a tributary to the Fox River. Total phosphorus con-
centrations at the Illinois River at Marseilles (site 29)
were among the highest in the Mississippi River Basin
(Goolsby and others, 1999).

Dissolved Phosphorus

The overall pattern of dissolved-phosphorus con-
centrations was similar to that for total phosphorus.
Median dissolved-phosphorus concentrations, like total
phosphorus, were highest at Thorn Creek (site 17)
(fig. 11). The contrast between Des Plaines River sites
and sites outside the Des Plaines River Basin, however,
is greater for dissolved phosphorus. Median dissolved-
phosphorus concentrations were an order of magnitude
or more greater at most Des Plaines River sites than at
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Table 4. Mean ratios of dissolved to total phosphorus for selected groups of sites in the upper

lllinois River Basin, 1978-97

[Sites refer to figure 3 and table 1. The ratio of dissolved to total phosphorus was computed at each site for each
date when values for both concentrations were available. These ratios were then averaged for the 1978-97 water
years. Means for site groups representing different parts of the upper Illinois River basin are shown.]

Basin or group

Ratio of dissolved to
total phosphorus

Site numbers

Kankakee-Iroquois 1,2,34,5 0.48
Des Plaines - upper Illinois 6.7,8,9,12,20,29 .70
Du Page 26,25,24,23,22 .85
Fox River mainstream 30,32,33,35,36,39 .36
Fox River tributaries 31.34,37,38 49
Tributaries to the Des Plaines 10,11,13,14,15,16,17,18,19,21,27,28 .82

other sites in the study area. Comparison of orthophos-
phate concentrations at the Illinois River at Marseilles
(site 29) to other sites in the Mississippi River Basin
shows that, again, outflow from the upper Illinois River
Basin contains concentrations as high or higher than all
other sites for this main component of dissolved phos-
phorus (Goolsby and others, 1999).

The ratio of dissolved to total phosphorus can be
useful for assessing how nutrients are released and
transported in hydrologic systems, as well as for identi-
fying possible sources of phosphorus. Decimal numbers
representing the ratios of dissolved to total phosphorus
for selected groups of sites are listed in table 4. Ratios
in the Des Plaines-Illinois River Basins were consider-
ably higher than those in the Kankakee-Iroquois and
Fox River Basins. In addition, ratios tended to be higher
at tributary sites than at the main-stem sites. The soluble
(dissolved) fraction of phosphorus transported in many
streams is typically in the range of 20 to 30 percent,
even as small as 10 percent (Elder, 1985; Hickman,
1987); hence, the ratios observed in the study area,
especially in the Illinois and Des Plaines River Basins,
are remarkably large. These high ratios are due to the
number of wastewater-treatment plants in the Des
Plaines River Basin, most of which discharge to tribu-
taries.

Patterns and Variability in Nutrient
Concentrations

For 1978-97, in general, nutrient concentrations
except for nitrate were highest at streams in the urban
areas of the Des Plaines River Basin. Streams in the
Kankakee and Fox River Basins generally had the low-

est concentrations, although concentrations appeared to
increase downstream in these basins.

These spatial patterns in nutrient concentrations
correspond closely with land use. The elevated concen-
trations of ammonia and phosphorus in the urbanized
Des Plaines River Basin with respect to other sites in the
study area provide evidence that municipal- and indus-
trial-waste discharges into streams of the basin increase
concentrations of these nutrients in the receiving
streams. For example, the median concentration of total
phosphorus was highest at Thorn Creek (site 17),
whereas the highest median total-ammonia concentra-
tion was at the Calumet-Sag Channel (site 18), both
sites in the Des Plaines River Basin. Phosphorus and
ammonia concentrations in Aux Sable Creek near Mor-
ris (site 26) and the Mazon River near Coal City (site
27) were among the lowest in the study area; however,
median concentrations of nitrate in both of these tribu-
taries were the highest, near 10 mg/L. Conditions in
these latter two streams may exemplify land-use effects
on different nutrients; these streams were in predomi-
nantly agricultural areas, and their relatively large ratios
of nitrogen to phosphorus and nitrate to ammonia are
characteristic of agricultural drainage.

The apparent, but nonuniform, correspondence of
nutrient concentrations in streams to urban and agricul-
tural land use in the upper Illinois River Basin was gen-
erally consistent with findings in other river basins. A
study of data collected from the first 20 NAWQA study
areas found that, in most cases, streams were enriched
with nutrients in regions dominated by agricultural or
urban land use (U.S. Geological Survey, 1999). Robert-
son and Saad (1996) found that total nitrogen concen-
trations in streams draining to western Lake Michigan
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mirrored the sum of inputs for various land-use catego-
ries. In a review of published literature on nutrient
exports from various watershed types, Beaulac and
Reckhow (1982) compiled substantial evidence that
agricultural and urbanized watersheds produce larger
nutrient outputs than do forested watersheds; however,
the authors also pointed out that agriculture and urban-
ization lead to a great deal of variability in nutrient
export relative to the more uniform output from undis-
turbed forested areas. Hence, in a basin such as the
upper Illinois, an overall pattern relating nutrient con-
centrations to land use can be expected, but substantial
deviations from that pattern are likely within certain
reaches or subbasins. Such deviations interfere with
unequivocal identification of links between specific
sources and observed nutrient trends.

An example of the variability of nutrient concentra-
tions in agricultural areas can be found in the Iroquois
and Kankakee River Basins. Despite similar agricul-
tural land use, nitrate and organic nitrogen concentra-
tions (the latter estimated by subtracting ammonia
nitrogen from Kjeldahl nitrogen) observed in the Iro-
quois River Basin were generally higher than those in
the Kankakee River. This water-quality difference may
reflect the differences in the quantity of sand and
organic matter present in the soils in each river basin;
soils in the Iroqouis River Basin have more organic
matter and less sand than the soils in the Kankakee
River Basin. This difference in surficial deposits results
in greater direct runoff to surface waters in the Iroquois
River Basin. By contrast, precipitation easily percolates
through the sandy soils in the Kankakee River Basin,
resulting in movement of nitrate to the ground water.

Nitrogen and phosphorus concentrations in surface
waters tend to be subject to considerable seasonal vari-
ation (Stanley and Hobbie, 1981; Prairie and Kalff,
1988). Such variation can be attributed to natural factors
and to human activity. One of the most frequently rec-
ognized causative factors is the effect of uptake and
release of these nutrients by biota, especially aquatic
plants (Goldman and Horne, 1983; Vincent and others,
1984). During spring, summer, and early fall, intense
biological activity results in important metabolic pro-
cesses that consume and release nutrients. Seasonal
variations in nutrient concentrations may also be related
to flow volume or discharge (Hill, 1986). Human activ-
ities that can produce seasonal variation in nutrient con-
centrations include industrial discharges, the operation
of wastewater-treatment facilities, and the application
of fertilizer.

Biological uptake of nitrate, ammonia, and dis-
solved phosphorus commonly produces a seasonal pat-
tern that is characterized by high concentrations in the
winter months, depletion during the spring and summer,
and minimum levels in the late summer or early fall.
This pattern was observed in some of the data from the
upper Illinois River Basin. Monthly median concentra-
tions of total ammonia were at minimum levels from
July through October (fig. 12A). A similar seasonal pat-
tern was observed for nitrate (fig. 12B) but not for total
phosphorus concentrations (fig. 12C).

Background concentrations of nutrients were esti-
mated as part of a recent study of data collected at 20
NAWQA study areas across the country (U.S. Geologi-
cal Survey, 1999). Background concentrations are
defined as concentrations that would be observed in
streams that have been subject to little or no disturbance
from human activities. Thus, the estimates of back-
ground concentrations were based on data collected
from streams in areas minimally affected by agriculture,
urbanization, and associated land uses. The estimated
background concentrations of nitrate are about
0.6 mg/L; of ammonia, 0.1 mg/L; and of total phospho-
rus, 0.1 mg/L. At all the sites discussed in this report,
median nitrate concentrations were greater than
0.6 mg/L. In general, nutrient concentrations in the
upper Illinois River Basin reflect the point and nonpoint
sources that have substantially increased nutrient con-
centrations beyond background levels. However, at
some sites in the Kankakee and Fox River Basins and on
tributaries to the mainstem Illinois River, median
ammonia and total phosphorus concentrations were
below the background concentrations.

The net result of nutrient inputs and transport
through the river system were elevated nutrient concen-
trations at the Illinois River at Marseilles (site 29).
Although concentrations were higher at numerous
upstream tributaries, the concentrations at Marseilles
were higher than at most of the tributary sites upstream
from major urban areas. As stated earlier, the median
concentration of nitrate, total phosphorus, and ortho-
phosphate at site 29 was among the highest in the Mis-
sissippi River Basin and was the highest for ammonia
(Goolsby and others, 1999).

Suspended-Solids Concentrations

Suspended solids are materials suspended in the
water column, typically consisting of fragmental miner-
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als, silt, sand, and organic matter. Particulate matter, in
suspension or at the streambed, plays an important role
in the chemistry of aquatic systems (Stumm and Mor-
gan, 1981). Particulate matter commonly affects the
degree and rate at which many aqueous chemical reac-
tions proceed, in particular, ion-exchange reactions
between sediment minerals and cations in solution.

Organic matter contributes to the suspended-solids
concentration and to the sediment-related chemistry of
a stream. Many of the large particles found in streams
are primarily organic material. Particulates that fall out
of suspension and are deposited in stream bottoms com-
monly reduce the dissolved-oxygen content of the water
column because of oxygen-consuming reactions and
organic-matter decomposition that takes place in the
particulates (Kimmel, 1981). This oxygen demand of
particulates has been a concern in the upper Illinois
River Basin (Butts, 1974).

Sources of suspended solids in rivers include ero-
sion of soils, streambeds and streambanks, input from
point sources, and atmospheric deposition. The upper
Illinois River Basin has historically had, and continues
to have, problems with erosion of agricultural lands in
the northern and eastern parts of the basin. Erosion is
often cited as the primary nonpoint-source-contamina-
tion concern in Illinois (Hendrickson, 1987; Vonnahme,
1987). Each phase of the sediment cycle (erosion, trans-
port, and deposition) can present environmental and
water-quality concerns.

Suspended-solids concentrations at the 39 IEPA
sites do not indicate any particularly strong spatial pat-
terns among major river basins in the study area
(fig. 13). Instead, individual sites with high suspended-
solids concentrations are found within each subbasin
and in all types of land use and hydrologic conditions.

Median suspended-solids concentrations ranged
from less than 10 mg/L below a small (35.2 mi?) drain-
age to the Fox River (Poplar Creek, site 34), to more
than 50 mg/L at the downstream-most site on the Fox
River (site 39). Other sites with high median concentra-
tions included all three sites on the Iroquois River (sites
2, 3, and 4), an agricultural area of poorly permeable,
easily eroded soils, and at three sites in urban areas: Salt
Creek at Western Springs (site 10), Des Plaines River at
Schiller Park (site 9), and Little Calumet River at Mun-
ster, Ind. (site 16).

Maximum suspended-solids concentrations
observed across the basin were generally at the same
sites with the highest median concentrations. Observed
maximum concentrations were greater than 1,500 mg/L

at Sugar Creek at Milford (site 3), a tributary to the Iro-
quois River; Hickory Creek at Joliet (site 21), a small,
flashy tributary to the Des Plaines River; and the down-
stream-most site on the Fox River (site 39).

Seasonal variation of suspended solids was consis-
tent at sites across the basin. In general, the concentra-
tions were highest in the summer and lowest in the
winter (fig. 14). The increase in suspended-solids con-
centrations during the summer can be attributed to con-
current higher streamflow and the associated increase in
runoff and transport. In addition, increased phytoplank-
ton growth in the summer months, as shown by the pat-
tern of total volatile solids (fig. 14), is a contributor to
higher concentrations of suspended solids in the sum-
mer.

TRANSPORT OF NUTRIENTS AND
SUSPENDED SOLIDS IN THE UPPER
ILLINOIS RIVER BASIN, 1978-97

Transport of nutrients and suspended solids within
and out of the study area were documented by compu-
tation of mean annual loads and yields at 24 sites where
streamflow data were available (tables 5-10). Basin-
wide patterns are illustrated in figures 15-17.

The loads plots clearly show that the major contrib-
utor of ammonia nitrogen (fig. 15), total Kjeldahl nitro-
gen (fig. 15), and phosphorus (fig. 17) loads to the total
study-area output was the Des Plaines River Basin, the
Chicago Sanitary and Ship Canal in particular. The high
concentrations in this area and the high volume of water
result in the large load output. The high loads in the Ship
Canal reflect the input from the three large MWRDGC
treatment plants.

In contrast, nitrate loads were highest from the
agricultural Kankakee River Basin (fig. 16). Total sus-
pended-solids loads were also highest from agricultural
areas, in particular the Iroquois River Basin and tribu-
taries to the lower Fox River (fig. 18). These are areas
of intensive row-crop agriculture and fine, easily erod-
able soils.

Among individual sites, ammonia nitrogen loads
were highest at the Chicago Sanitary and Ship Canal
(site 19). The loads at this site were an order of magni-
tude higher than at the site with the next-highest loads.
the Kankakee River Basin outlet site (site 5). Yields
were highest at two sites in the Des Plaines River Basin
(10 and 12) that receive large amounts of wastewater.
Yields were not computed for the Ship Canal because of
the hydraulics of the system. In general, high yields of
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